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MOBILE STATION APPARATUS, BASE
STATION APPARATUS, WIRELESS
COMMUNICATION SYSTEM, WIRELESS
COMMUNICATION METHOD AND
INTEGRATED CIRCUIT

TECHNICAL FIELD

The present invention relates to a mobile station apparatus,
a base station apparatus, a wireless communication system, a
wireless communication method and an integrated circuit.

BACKGROUND ART

The evolution of a radio access scheme and a radio network
in cellular mobile communication (hereinafter referred to as
“Long Term Evolution (LTE)” or “Evolved Universal Terres-
trial Radio Access (EUTRA)”) is being examined in a 3rd
Generation Partnership Project (3GPP). Inthe LTE, as acom-
munication scheme of radio communication (downlink) from
a base station apparatus to a mobile station apparatus, an
Orthogonal Frequency Division Multiplexing (OFDM)
scheme, which is multicarrier transmission, is used. More-
over, as a communication scheme of radio communication
(uplink) from a mobile station apparatus to a base station
apparatus, an SC-FDMA (Single-Carrier Frequency Division
Multiple Access) scheme, which is single carrier transmis-
sion, is used.

In the LTE, an ACK (Acknowledgement)/NACK (Nega-
tive Acknowledgement) showing whether or not the mobile
station apparatus succeeds in decoding downlink data
received in a Physical Downlink Shared Channel (PDSCH) is
transmitted using a Physical Uplink Control Channel
(PUCCH) or a Physical Uplink Shared Channel (PUSCH).
When the mobile station apparatus transmits the ACK/
NACK, if the radio resource of the PUSCH is not allocated,
the ACK/NACK is transmitted in the PUCCH. When the
mobile station apparatus transmits the ACK/NACK, if the
radio resource of the PUSCH is allocated, the ACK/NACK is
transmitted in the PUSCH.

In a radio access scheme and a radio network (hereinafter
referred to as “Long Term Evolution-Advanced (LTE-A)” or
“Advanced Evolved Universal Terrestrial Radio Access
(A-EUTRA)”) that utilizes a frequency band broader than the
LTE to realize faster data communication, the acquisition of
backward compatibility with the LTE is being examined. In
other words, the base station apparatus of the LTE-A can
simultaneously perform radio communication with the
mobile station apparatuses of both the LTE-A and the LTE or
the mobile station apparatus of the LTE-A can perform radio
communication with the base station apparatuses of both the
LTE-A and the LTE, and the LTE-A and the LTE use the same
channel structure.

In the LTE-A, a technology (also referred to as Spectrum
aggregation, Carrier aggregation, Frequency aggregation or
the like) is suggested in which a plurality of frequency bands
(hereinafter referred to as “Carrier Components (CC)” or
“Component Carriers (CC)” of the same channel structure as
the LTE are used, and they are used as one frequency band
(broadband frequency band). For example, in the communi-
cation using the spectrum aggregation, the base station appa-
ratus arranges one PDSCH in each Downlink Component
Carrier (DL CC), and simultaneously transmits a plurality of
PDSCHs to the mobile station apparatus.

In the spectrum aggregation, one Primary cell (Pcell) and
one or a plurality of Secondary cells (Scell) are configured.
The primary cell is a cell that is provided by a Downlink
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Primary Component Carrier (DL PCC) and an Uplink Pri-
mary Component Carrier (UL PCC). The primary cell is a cell
that has the function equivalent to that of the cell of the LTE.
One DL PCC and one UL PCC are set for each mobile station
apparatus.

The secondary cell is a cell that is provided by a Downlink
Secondary Component Carrier (DL SCC) and an Uplink Sec-
ondary Component Carrier (UL SCC). The secondary cell
may be provided by the DL, SCC alone. The secondary cell is
acell whose function is limited as compared with the primary
cell. All DL CCs other than the DL PCCs are the DL SCCs.
All Uplink Component Carriers (UL CCs) other than the UL
PCCs are the UL SCCs.

Inthe LTE-A, an examination is being performed in which,
when a plurality of ACK/NACKSs for each of a plurality of
PDSCHs received simultaneously by the mobile station appa-
ratus are transmitted to the base station apparatus, uplink data
(an information channel in a higher layer) (Uplink Shared
Channel: UL-SCH) and a plurality of ACK/NACKSs are trans-
mitted together by using one of a plurality of PUSCHs trans-
mitted by the mobile station apparatus (Non-patent document
1).

Non-patent document 2 discloses a method of coding,
when a plurality of ACK/NACKs for a plurality of PDSCHs
are transmitted in the same PUSCH, all ACK/NACKs
together and the coding them for each cell (DL, CC) corre-
sponding to the ACK/NACK. The Non-patent document 2
discloses that, even when a plurality of DL CCs are allocated
to the mobile station apparatus, if the mobile station apparatus
receives only Downlink Control Information (DCI) indicat-
ing the allocation of the PDSCH of the primary cell, the
mobile station apparatus utilizes the transmission method of
the LTE to transmit the uplink data and the ACK/NACK
together in the PUSCH. The downlink control information
indicating the allocation of the PDSCH is referred to as a
downlink assignment (DL assignment).

In the uplink of the LTE-A, it is considered that spatial
multiplexing which uses MIMO SM (Multiple Input Multiple
Output Spatial Multiplexing) to further enhance the through-
put from the LTE is utilized. Specifically, transmission of the
uplink data on two or more sequences of spatial multiplexing
(hereinafter referred to as ranks) is realized.

By contrast, on the uplink control information in which
high quality is required such as the ACK/NACK or RI (Rank
Indicator), it is suggested that transmission sequences for all
domains (hereinafter referred to as layers) to be subjected to
spatial multiplexing are replicated, and thus communication
in rank 1 is imaginarily realized. In other words, communi-
cation is performed such that uplink data communication in
rank 2 or more and the communication of the ACK/NACK or
the RI in rank 1 are present in a mixed manner. With respect
to this, Non-patent document 3 suggests that, as a method of
replicating and producing control information, a bit sequence
after channel coding is allocated to each layer.

PRIOR ART DOCUMENT
Non-Patent Document

Non-patent document 1: “UCI Transmission in the Pres-
ence of UL-SCH Data”, 3GPP TSG RAN WG1 Meeting #61,
R1-103067, May 10-14, 2010.

Non-patent document 2: “ACK/NACK multiplexing schemes
on PUSCH”, 3GPP TSG RAN WGI1 Meeting #6lbis,

R1-103760, 28 Jun.-2 Jul. 2010.
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Non-patent document 3: “Performance evaluation of UCI
multiplexing schemes on PUSCH in case of SU-MIMO”,
3GPP TSG RAN WGI1 Meeting #61, R1-102962, May
10-14, 2010.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

Disadvantageously, however, in the conventional technol-
ogy, when ACK/NACKs for a plurality of PDSCHs received
by the mobile station apparatus in a plurality of DL CCs are
transmitted in one physical uplink channel, the mobile station
apparatus cannot efficiently code the ACK/NACKs and trans-
mit them.

The present invention is made in view of the foregoing
problem; the present invention has an object to provide a
mobile station apparatus, a base station apparatus, wireless
communication system, a wireless communication method
and an integrated circuit in which, when ACK/NACKs for a
plurality of PDSCHs received by the mobile station apparatus
in a plurality of DL CCs are transmitted in one physical uplink
channel, the mobile station apparatus can efficiently code the
ACK/NACKSs and transmit them, and the base station appa-
ratus can perform reception processing on the ACK/NACKs
transmitted by the mobile station apparatus.

Means for Solving the Problems

(1) To achieve the above object, the following means are
performed in the present invention. Specifically, according to
the present invention, there is provided a mobile station appa-
ratus transmitting a plurality of ACK/NACKSs for transport
blocks transmitted by a base station apparatus in a plurality of
component carriers to the base station apparatus, in which
first ACK/NACKSs and second ACK/NACKSs are individually
coded, repetition processing is performed on coded bits of the
first ACK/NACKs until the number of coded bits of the first
ACK/NACKSs reaches a first value, the repetition processing
is performed on the coded bits of the second ACK/NACKs
until the number of coded bits of the second ACK/NACKs
reaches a second value, the coded bits of the first ACK/
NACKSs on which the repetition processing has been per-
formed and the coded bits of the second ACK/NACKs on
which the repetition processing has been performed are con-
catenated, and the first ACK/NACKSs and the second ACK/
NACKs are transmitted to the base station apparatus using
one physical uplink channel.

(2) Moreover, in the mobile station apparatus of the present
invention, the physical uplink channel is a physical uplink
shared channel, and the first value and the second value are a
positive integral multiple of an order of modulation used for
the physical uplink shared channel.

(3) Furthermore, in the mobile station apparatus of the
present invention, in case that the coded bits of the first
ACK/NACKs is lower than the first value, the repetition pro-
cessing is processing that repeatedly concatenates the coded
bits of the first ACK/NACKs from the head.

(4) Moreover, in the mobile station apparatus of the present
invention, in case that the coded bits of the second ACK/
NACKs is lower than the second value, the repetition process-
ing is processing that repeatedly concatenates the coded bits
of the second ACK/NACKs from the head.

(5) Furthermore, in the mobile station apparatus of the
present invention, in case that the coded bits of the first
ACK/NACKs is larger than the first value, the repetition
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processing is processing that cuts off the coded bits of the first
ACK/NACKs from the head to the first value.

(6) Moreover, in the mobile station apparatus of the present
invention, in case that the coded bits of the second ACK/
NACKs is larger than the second value, the repetition pro-
cessing is processing that cuts off the coded bits of the second
ACK/NACKs from the head to the second value.

(7) Furthermore, according to the present invention, there
is provided a base station apparatus receiving a plurality of
ACK/NACKs for transport blocks transmitted to a mobile
station apparatus in a plurality of component carriers from the
mobile station apparatus, in which first ACK/NACKs and
second ACK/NACKSs that are individually coded are received
from the mobile station apparatus using one physical uplink
channel, repetition processing is performed on coded bits of
the first ACK/NACKSs until the number of coded bits of the
first ACK/NACKSs reaches a first value by the mobile station
apparatus, the repetition processing is performed on the
coded bits of the second ACK/NACKs until the number of
coded bits of the second ACK/NACKs reaches a second value
by the mobile station apparatus, and the coded bits of the first
ACK/NACKSs on which the repetition processing has been
performed and the coded bits of the second ACK/NACKSs on
which the repetition processing has been performed are con-
catenated by the mobile station apparatus.

(8) Moreover, in the base station apparatus of the present
invention, the physical uplink channel is a physical uplink
shared channel, and the first value and the second value are a
positive integral multiple of an order of modulation used in
the physical uplink shared channel.

(9) Furthermore, in the base station apparatus of the present
invention, in case that the coded bits of the first ACK/NACKs
is lower than the first value, the repetition processing is pro-
cessing that repeatedly concatenates the coded bits of the first
ACK/NACKs from the head.

(10) Moreover, in the base station apparatus of the present
invention, in case that the coded bits of the second ACK/
NACKs is lower than the second value, the repetition process-
ing is processing that repeatedly concatenates the coded bits
of the second ACK/NACKs from the head.

(11) Furthermore, in the base station apparatus of the
present invention, in case that the coded bits of the first
ACK/NACKs is larger than the first value, the repetition
processing is processing that cuts off the coded bits of the first
ACK/NACKs from the head to the first value.

(12) Moreover, in the base station apparatus of the present
invention, in case that the coded bits of the second ACK/
NACKs is larger than the second value, the repetition pro-
cessing is processing that cuts off the coded bits of the second
ACK/NACKs from the head to the second value.

(13) Furthermore, according to the present invention, there
is provided a wireless communication system in which a
mobile station apparatus transmits a plurality of ACK/
NACKs for transport blocks transmitted by a base station
apparatus in a plurality of component carriers to the base
station apparatus, in which the mobile station apparatus indi-
vidually codes first ACK/NACKs and second ACK/NACKs,
performs repetition processing on coded bits of the first ACK/
NACKs until the number of coded bits of the first ACK/
NACKs reaches a first value, performs the repetition process-
ing on the coded bits of the second ACK/NACKs until the
number of coded bits of the second ACK/NACKSs reaches a
second value, concatenates the coded bits of the first ACK/
NACKSs on which the repetition processing has been per-
formed and the coded bits of the second ACK/NACKs on
which the repetition processing has been performed, and
transmits the first ACK/NACKSs and the second ACK/NACKs
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to the base station apparatus using one physical uplink chan-
nel, in which the base station apparatus receives the first
ACK/NACKs and the second ACK/NACKs from the mobile
station apparatus using the one physical uplink channel.

(14) In addition, according to the present invention, there is
provided a wireless communication method used by a mobile
station apparatus transmitting a plurality of ACK/NACKs for
transport blocks transmitted by a base station apparatus in a
plurality of component carriers to the base station apparatus,
in which first ACK/NACKs and second ACK/NACKs are
individually coded, repetition processing is performed on
coded bits of the first ACK/NACKSs until the number of coded
bits of the first ACK/NACKSs reaches a first value, the repeti-
tion processing is performed on the coded bits of the second
ACK/NACKs until the number of coded bits of the second
ACK/NACKSs reaches a second value, the coded bits of the
first ACK/NACKs on which the repetition processing has
been performed and the coded bits of the second ACK/
NACKSs on which the repetition processing has been per-
formed are concatenated, and the first ACK/NACKSs and the
second ACK/NACKSs are transmitted to the base station appa-
ratus using one physical uplink channel.

(15) Furthermore, in the wireless communication method
of the present invention, the physical uplink channel is a
physical uplink shared channel, and the first value and the
second value are a positive integral multiple of an order of
modulation used for the physical uplink shared channel.

(16) Moreover, according to the present invention, there is
provided a wireless communication method used by a base
station apparatus receiving a plurality of ACK/NACKs for
transport blocks transmitted to the base station apparatus in a
plurality of component carriers from the mobile station appa-
ratus, in which first ACK/NACKSs and second ACK/NACKSs
that are individually coded are received from the mobile
station apparatus using one physical uplink channel, repeti-
tion processing is performed on coded bits of the first ACK/
NACKs until the number of coded bits of the first ACK/
NACKs reaches a first value by the mobile station apparatus,
the repetition processing is performed on the coded bits of the
second ACK/NACKs until the number of coded bits of the
second ACK/NACKs reaches a second value by the mobile
station apparatus, and the coded bits of the first ACK/NACKs
on which the repetition processing has been performed and
the coded bits of the second ACK/NACKs on which the
repetition processing has been performed are concatenated by
the mobile station apparatus.

(17) Furthermore, in the wireless communication method
of the present invention, the physical uplink channel is a
physical uplink shared channel, and the first value and the
second value are a positive integral multiple of an order of
modulation used for the physical uplink shared channel.

(18) Moreover, according to the present invention, there is
provided an integrated circuit used by a mobile station appa-
ratus transmitting a plurality of ACK/NACKSs for transport
blocks transmitted by a base station apparatus in a plurality of
component carriers to the base station apparatus, in which the
mobile station apparatus is made to achieve a series of func-
tions of: individually coding first ACK/NACKSs and second
ACK/NACKSs; performing repetition processing on coded
bits of the first ACK/NACKSs until the number of coded bits of
the first ACK/NACKSs reaches a first value; performing the
repetition processing on the coded bits of the second ACK/
NACKs until the number of coded bits of the second ACK/
NACK reaches a second value; concatenating the coded bits
of the first ACK/NACKSs on which the repetition processing
has been performed and the coded bits of the second ACK/
NACKSs on which the repetition processing has been per-
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formed; and transmitting the first ACK/NACKs and the sec-
ond ACK/NACKSs to the base station apparatus using one
physical uplink channel.

(19) Furthermore, in the integrated circuit of the present
invention, the physical uplink channel is a physical uplink
shared channel, and the first value and the second value are a
positive integral multiple of an order of modulation used for
the physical uplink shared channel.

(20) Moreover, according to the present invention, there is
provided an integrated circuit used by a base station apparatus
receiving a plurality of ACK/NACKs for transport blocks
transmitted to a mobile station apparatus in a plurality of
component carriers from the mobile station apparatus, in
which the base station apparatus is made to achieve a function
of receiving first ACK/NACKs and second ACK/NACKSs that
are individually coded from the mobile station apparatus
using one physical uplink channel, repetition processing is
performed on coded bits of the first ACK/NACKs until the
number of coded bits of the first ACK/NACKs reaches a first
value by the mobile station apparatus, the repetition process-
ing is performed on the coded bits of the second ACK/NACKs
until the number of coded bits of the second ACK/NACKs
reaches a second value by the mobile station apparatus, and
the coded bits of the first ACK/NACKSs on which the repeti-
tion processing has been performed and the coded bits of the
second ACK/NACKSs on which the repetition processing has
been performed are concatenated by the mobile station appa-
ratus.

(21) Furthermore, in the integrated circuit of the present
invention, the physical uplink channel is a physical uplink
shared channel, and the first value and the second value are a
positive integral multiple of an order of modulation used for
the physical uplink shared channel.

Effect of the Invention

According to the present invention, in case that a mobile
station apparatus transmits ACK/NACKs for a plurality of
PDSCHs received in a plurality of DL CCs in one physical
uplink channel, the mobile station apparatus can efficiently
code and transmit the ACK/NACKs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram of a wireless communica-
tion system according to the present invention;

FIG. 2 is adiagram showing an example of spectrum aggre-
gation processing according to the present invention;

FIG. 3 is a schematic diagram showing an example of the
configuration of a downlink radio frame according to the
present invention;

FIG. 4 is a schematic diagram showing an example of the
configuration of an uplink radio frame according to the
present invention;

FIG. 5 is a diagram illustrating a method of simultaneously
transmitting uplink data and ACK/NACKs in a PUSCH in the
present invention;

FIG. 6 is a diagram illustrating a method of coding the
uplink data and the ACK/NACKSs in the present invention;

FIG. 7 is a diagram showing an example of a method of
concatenating first ACK/NACKSs and second ACK/NACKSs in
the present invention;

FIG. 8 is a schematic block diagram showing the configu-
ration of a mobile station apparatus 1 in the present invention;
and
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FIG. 9 is a schematic block diagram showing the configu-
ration of a mobile station apparatus 3 according to the present
invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

An embodiment of the present invention will be described
in detail below with reference to accompanying drawings.

The physical channels of the present invention will first be
described.

FIG. 1 is a conceptual diagram of a wireless communica-
tion system according to the present invention. In FIG. 1, the
wireless communication system includes mobile station
apparatuses 1A to 1C and a base station apparatus 3. FIG. 1
shows that, in radio communication (downlink) from the base
station apparatus 3 to the mobile station apparatuses 1A to
1C, a Synchronization signal (SS), a Downlink reference
signal (DL RS), a Physical Broadcast Channel (PBCH), a
Physical Downlink Control Channel (PDCCH), a Physical
Downlink Shared Channel (PDSCH), a Physical Multicast
Channel (PMCH), a Physical Control Format Indicator Chan-
nel (PCFICH) and a Physical Hybrid ARQ Indictor Channel
(PHICH) are allocated.

FIG. 1 shows that, in radio communication (uplink) from
the mobile station apparatuses 1A to 1C to the base station
apparatus 3, an Uplink Reference Signal (UL RS), a Physical
Uplink Control Channel (PUCCH), a Physical Uplink Shared
Channel (PUSCH) and a Physical Random Access Channel
(PRACH) are allocated. Hereinafter, the mobile station appa-
ratuses 1A to 1C are referred to as the mobile station appara-
tus 1.

The synchronization signal is a signal that is used for the
mobile station apparatus 1 to synchronize downlink fre-
quency domains and time domains. The downlink reference
signal is a signal that is used for the mobile station apparatus
1 to synchronize the downlink frequency domains and the
time domains, is used for the mobile station apparatus 1 to
measure the reception quality of the downlink or is used for
the mobile station apparatus 1 to perform the channel com-
pensation of the PDSCH and the PDCCH.

The PBCH is a physical channel that is used to broadcast a
control parameter (system information) (Broadcast Channel:
BCH) used in common in the mobile station apparatus 1. The
PBCH is transmitted at intervals of 40 ms. The timing of the
intervals of 40 ms is subjected to blind detection in the mobile
station apparatus 1.

The PDCCH is a physical channel that is used to transmit
Downlink Control Information (DCI) such as downlink
assignment (also referred to as downlink grant) and uplink
grant. The downlink assignment is formed with information
(Modulation and Coding Scheme: MCS) on the modulation
scheme and the coding rate of the PDSCH, information indi-
cating the allocation of radio resources and the like. The
uplink grant is formed with information on the modulation
scheme and the coding rate of the PUSCH (uplink data trans-
mission channel), information indicating the allocation of
radio resources and the like.

A plurality of formats is used for the downlink control
information. The format for the downlink control information
is referred to as a DCI format. As the DCI format of the
downlink assignment, a DCI format 1A that is used for the
base station apparatus 3 to transmit the PDSCH using one
transmission antenna port or transmission diversity, a DCI
format 2 that is used for the base station apparatus 3 to
transmit a plurality of pieces of downlink data to the PDSCH
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using MIMO SM (Multiple Input Multiple Output Spatial
Multiplexing) and the like are prepared.

The MIMO SM is a technology in which, for a plurality of
spatial dimension channels realized by a plurality of trans-
mission antenna ports and a plurality of reception antenna
ports, a plurality of signals are multiplexed and exchanged.
Here, the antenna port indicates a logical antenna that is used
for signal processing; one antenna port may be formed with
one physical antenna or a plurality of physical antennas. On
the side of transmission using the MIMO SM, processing
(referred to as precoding) for forming an appropriate spatial
channel for a plurality of signals is performed, and the signals
on which the precoding processing has been performed are
transmitted using a plurality of transmission antennas. On the
side of reception using the MIMO SM, processing for appro-
priately demultiplexing signals multiplexed in the spatial
dimension channel for a plurality of signals received using a
plurality of reception antennas is performed.

The PDSCH is a physical channel that is used to transmit
system information that are not broadcast on the PBCH, that
is, system information other than the BCH, and used to trans-
mit paging information (Paging Channel: PCH) and down-
link data (Downlink Shared Channel: DL.-SCH). The PMCH
is a physical channel that is used to transmit information
(Multicast Channel: MCH) on MBMS (Multimedia Broad-
cast and Multicast Service).

The PCFICH is a physical channel that is used to transmit
information indicating a domain where the PDCCH is
arranged. The PHICH is a physical channel that is used to
transmit a HARQ indicator which indicates whether or not
uplink data (Uplink Shared Channel: UL-SCH) received by
the base station apparatus 3 is successfully decoded.

When the base station apparatus 3 successfully decodes all
uplink data included in the PUSCH, the HARQ indicator
indicates ACK (ACKnowledgement) whereas, when the base
station apparatus 3 fails to decode at least one piece of uplink
data included in the PUSCH, the HARQ indicator indicates
NACK (Negative ACKnowledement). A plurality of HARQ
indicators indicating whether or not decoding is successfully
performed for each of a plurality of pieces of uplink data
included in the same PUSCH may be transmitted in a plurality
of PHICHS.

The uplink reference signal is a signal that is used for the
base station apparatus 3 to synchronize the uplink time
domains, is used for the base station apparatus 3 to measure
the reception quality of the uplink or is used for the base
station apparatus 3 to perform the channel compensation of
the PUSCH and the PUCCH. For the uplink reference signal,
in radio resources divided assuming the SC-FDMA, code
spreading using a CAZAC (Constant Amplitude and Zero
Auto-Correlation) sequence is performed.

The CAZAC sequence is a sequence that is superior in
constant amplitude and autocorrelation characteristic in the
time domain and the frequency domain. Since it has a con-
stant amplitude in the time domain, it is possible to lower a
PAPR (Peak to Average Power Ratio). In the time domain,
cyclic delay is applied to the DMRS. The cyclic delay in the
time domain is referred to as acyclic shift. The cyclic shift
corresponds to the phase rotation of the CAZAC sequence in
the frequency domain for each subcarrier.

As the uplink reference signal, there are a DMRS (De-
modulation Reference Signal) that is time-multiplexed with
the PUSCH or the PUCCH and is transmitted and that is used
to compensate for the channel of the PUSCH and the
PUCCH, and an SRS (Sounding Reference Signal) that is
transmitted independently of the PUSCH and the PUCCH
and that is used for the base station apparatus 3 to estimate the
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conditions of the uplink channel. For the DMRS,; not only the
cyclic shift but also a spreading code (Orthogonal Cover
Code: OCC) in the time domain is used.

The PUCCH is a physical channel that is used to transmit
Uplink Control Information (UCI) which is information used
for control of communication, such as Channel Quality Infor-
mation indicating the channel quality of the downlink, Sched-
uling Request (SR) indicting the request of the allocation of
uplink radio resources and the ACK/NACK indicating
whether or not downlink data received by the mobile station
apparatus 1 is successtully decoded.

The PUSCH is a physical channel that is used to transmit
uplink data and uplink control information. If the radio
resources of the PUSCH are not allocated when the mobile
station apparatus transmits the uplink control information,
the uplink control information is transmitted in the PUCCH.

Ifthe radio resources of the PUSCH are allocated when the
mobile station apparatus transmits the uplink control infor-
mation, the uplink control information is transmitted in the
PUSCH. If the radio resources of a plurality of PUSCHs are
allocated, the uplink control information is transmitted in
only any one of the PUSCHs.

The PRACH is a physical channel that is used to transmit a
random access preamble. The largest purpose of the PRACH
is for the mobile station apparatus 1 to synchronize the time
domain with the base station apparatus 3; in addition, the
PRACH is used for initial access, handover, a reconnection
request and the request of the allocation of uplink radio
resources.

The spectrum aggregation of the present invention will be
described below.

FIG. 2 is a diagram showing an example of the spectrum
aggregation processing according to the present invention. In
FIG. 2, the horizontal axis indicates the frequency domain,
and the vertical axis indicates the time domain. As shown in
FIG. 2, adownlink subframe D1 is formed with four downlink
Component Carriers (DL CC-1; Downlink Component Car-
rier-1, DI, CC-2, DL CC-3, DL CC-4) having a bandwidth of
20 MHz.

In each of the subframes of DL CCs, a domain which is
indicated by an obliquely hatched domain and in which the
PHICHs, the PCFICH and the PDCCHs are arranged and a
domain which is indicated by a mesh-hatched domain and in
which the PDSCHs is arranged are present. The PHICH, the
PCFICH and the PDCCH are frequency-multiplexed and/or
time-multiplexed. The domain where the PHICHs, the
PCFICH and the PDCCHs are frequency-multiplexed and/or
time-multiplexed is time-multiplexed with the domain where
the PDSCHs is arranged.

An uplink subframe U1 is formed with three Uplink Com-
ponent Carriers (UL CC-1; Uplink Component Carrier-1, UL
CC-2, UL CC-3) having a bandwidth of 20 MHz. In each of
the subframes of UL CCs, a domain which is indicated by a
rightwardly downward hatched domain and in which the
PUCCHSs is arranged and a domain which is indicated by a
horizontally hatched domain and in which the PUSCHs is
arranged are frequency-multiplexed.

The mobile station apparatus 1 first uses any one pair of a
DL CC and an UL CC to perform initial access with the base
station apparatus 3. The base station apparatus 3 notifies, with
a RRC signal (Radio Resource Control Signal) transmitted
using the PDSCH of the DL. CC on which the mobile station
apparatus 1 performs initial access, the DI, CCs and UL CCs
(hereinafter referred to as “set (uplink/downlink) component
carrier (configured (downlink/uplink) component carrier”))
that is set for the mobile station apparatus 1.
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The base station apparatus 3 uses the PDCCH, MAC (Me-
dium Access Control) CE (Control Element) or the like to
notify an activation command indicating one or more DL. CC
among the set DL CCs that is used for downlink communi-
cation and/or one or more UL CC among the set UL CCs that
is used for uplink communication.

Thatthe base station apparatus 3 notifies the mobile station
apparatus 1 of the use of the CC with the activation command
for communication is referred to as activating the CC. That
the base station apparatus 3 notifies the mobile station appa-
ratus 1 of the disuse of the CC with the activation command
for communication is referred to as deactivating the CC.

The base station apparatus 3 sets, for each mobile station
apparatus 1, one Downlink Primary Component Carrier (DL
PCC) (first downlink component carrier) among the set DL
CCs, and sets, for each mobile station apparatus 1, one Uplink
Primary Component Carrier (UL PCC) among the set UL
CCs and notifies the mobile station apparatus 1 of the RRC
signal including information on the setting.

The DL CC other than the DL PCC is a Downlink Second-
ary Component Carrier (DL SCC) (second downlink compo-
nent carrier). The UL CC other than the UL PCC is an Uplink
Secondary Component Carrier (UL SCC). In the spectrum
aggregation, one Primary cell (Pcell) and one or a plurality of
Secondary cells (Scell) are configured. The primary cell is a
cell that is provided by one DL, PCC and one UL PCC. The
primary cell is a cell that has the function equivalent to that of
the cell of the LTE.

The secondary cell is a cell that is provided by one DL SCC
and one UL SCC. The secondary cell may be provided by the
DL SCC alone. The secondary cell is a cell whose function is
limited as compared with the primary cell.

The DL PCC and the UL PCC are not deactivated. The
uplink control information is transmitted in the PUCCH of
the UL PCC and/or the PUSCH of any one of the set UL CCs.

The configuration of a radio frame according to the present
invention will be described below.

FIG. 3 is a schematic diagram showing an example of the
configuration of a downlink radio frame according to the
present invention. In FIG. 3, the horizontal axis is a time
domain, and the vertical axis is a frequency domain. As shown
in FIG. 3, the radio frame of the DL CC is formed with a
plurality of downlink Physical Resource Block (PRB) pairs
(forexample, a domain surrounded by broken lines in FIG. 3).
This downlink physical resource block pair is a unit such as
for the allocation of radio resources, and is formed with a
frequency band (PRB bandwidth; 180 kHz) of a predeter-
mined width and a time band (two slots=one subframe; 1 ms).

One downlink physical resource block pair is formed with
two downlink physical resource blocks (PRB bandwidth x
slot) contiguous in the time domain. One downlink physical
resource block (in FIG. 3, a unit surrounded by thick lines) is
formed with 12 subcarriers (15 kHz) in the frequency domain,
and is formed with 7 OFDM (Orthogonal Frequency Division
Multiplexing) symbols (71 ps) in the time domain.

In the time domain, a slot (0.5 ms) formed with 7 OFDM
symbols (71 ps), a subframe (1 ms) formed with two slots and
a radio frame (10 ms) formed with 10 subframes are present.
A time interval of 1 ms equal to that of the subframe is also
referred to as a Transmit Time Interval (TTTI). In the frequency
domain, a plurality of downlink physical resource blocks is
arranged according to the bandwidth of the DL CC. A unit
formed with one subcarrier and one OFDM symbol is
referred to as a downlink resource element.

The arrangement of physical channels allocated in the
downlink will be described below. In each of the downlink
subframes, the PDCCH, the PCFICH, the PHICH, the
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PDSCH, the downlink reference signal and the like are
arranged. The PDCCH is arranged from the OFDM symbol
(in FIG. 3, a leftward obliquely hatched domain) that is the
head of the subframe. The number of OFDM symbols where
the PDCCH is arranged differs from one subframe to another;
information indicating the number of OFDM symbols where
the PDCCH is arranged is notified in the PCFICH. In each
subframe, a plurality of PDCCHs is frequency-multiplexed
and time-multiplexed.

The PCFICH is arranged in the OFDM symbol that is the
head of the subframe, and is frequency-multiplexed with the
PDCCH. The PHICH is frequency-multiplexed within the
same OFDM symbol as the PDCCH (in FIG. 3, a mesh-
hatched domain). The PHICH may be arranged in only the
OFDM symbol that is the head of the subframe or may be
dispersed in a plurality of OFDM symbols where the PDCCH
is arranged. In each subframe, a plurality of PHICHs is fre-
quency-multiplexed and code-multiplexed.

In the PHICH of the downlink subframe a predetermined
time after the transmission of the PUSCH (for example, after
4 ms, after 4 subframes or after 4 TTIs), the mobile station
apparatus 1 receives HARQ feedback for this PUSCH.

The PDSCH is arranged in the OFDM symbols (in FIG. 3,
the domain that is not hatched) other than the OFDM symbols
where the PDCCH, the PCFICH and the PHICH are arranged
within the subframe. The allocation of the radio resources for
the PDSCH is indicated for the mobile station apparatus 1
with the downlink assignment. In the time domain, the radio
resources for PDSCH are arranged in the same downlink
subframe where the PDCCH including the downlink assign-
ment indicating the allocation of the PDSCH is arranged.

The PDSCH and the PDCCH for the PDSCH are arranged
in the same or a different downlink component carrier. In the
subframe of each downlink component carrier, a plurality of
PDSCHs is frequency-multiplexed and spatially multiplexed.
For ease of description, the downlink reference signal is not
shown in FIG. 3; the downlink reference signal is dispersed in
the frequency domain and the time domain.

FIG. 4 is a schematic diagram showing an example of the
configuration of an uplink radio frame according to the
present invention. In FIG. 4, the horizontal axis is a time
domain, and the vertical axis is a frequency domain. As shown
in FIG. 4, the radio frame of the UL CC is formed with a
plurality of uplink physical resource block pairs (for example,
a domain surrounded by broken lines in FIG. 4). This uplink
physical resource block pair is a unit such as for the allocation
of'radio resources, and is formed with a frequency band (PRB
bandwidth; 180 kHz) of a predetermined width and a time
band (two slots=one subframe; 1 ms).

One uplink physical resource block pair is formed with two
uplink physical resource blocks (PRB bandwidthxslot) con-
tiguous in the time domain. One uplink physical resource
block (in FIG. 4, a unit surrounded by thick lines) is formed
with 12 subcarriers in the frequency domain, and is formed
with 7 SC-FDMA symbols (71 ps) in the time domain.

In the time domain, a slot (0.5 ms) formed with 7 SC-
FDMA (Single-Carrier Frequency Division Multiple Access)
symbols (71 ps), a subframe (1 ms) formed with two slots and
a radio frame (10 ms) formed with 10 subframes are present.
A time interval of 1 ms equal to that of the subframe is also
referred to as a Transmit Time Interval (TTI). In the frequency
domain, a plurality of uplink physical resource blocks is
arranged according to the bandwidth of the UL CC. A unit
formed with one subcarrier and one SC-FDMA symbol is
referred to as an uplink resource element.

Physical channels allocated within the uplink radio frame
will be described below. In each uplink subframe, the

10

15

20

25

30

35

40

45

50

55

60

65

12
PUCCH, the PUSCH, the PRACH, the uplink reference sig-
nal and the like are arranged. The PUCCH is arranged in the
uplink physical resource block (a leftward obliquely hatched
domain) at each end of the uplink band. In each subframe, a
plurality of PUCCHs is frequency-multiplexed and code-
multiplexed.

The PUSCH is arranged in the uplink physical resource
block pairs (the domain that is not hatched) other than the
uplink physical resource blocks where the PUCCH is
arranged. The radio resources of the PUSCH are allocated
using the uplink grant, and are arranged in the uplink sub-
frame a predetermined time after the downlink subframe
where the PDCCH including the uplink grant is arranged (for
example, after 4 ms, after 4 subframes or after 4 TTIs). In each
subframe, a plurality of PUSCHs is frequency-multiplexed
and spatially multiplexed.

Information indicating the subframe where the PRACH is
arranged and the uplink physical resource block is notified by
the base station apparatus. The uplink reference signal is
time-multiplexed with the PUCCH and the PUSCH. For
example, the DMRS that is time-multiplexed with the
PUSCH is arranged in the SC-FDMA symbols that are the
fourth and eleventh symbols within the subframe.

The uplink reference signal is time-multiplexed with the
PUSCH and the PUCCH, and is transmitted. When the
PUSCH is time-multiplexed with the uplink reference signal,
the uplink reference signal is arranged in the same frequency
band as that where the PUSCH is allocated in the frequency
domain, and is arranged in the SC-FDMA symbols that are
the fourth and eleventh symbols in the time domain.

The arrangement of the uplink data and the uplink control
information within the PUSCH in the present invention will
be described below.

FIG. 5 is a diagram illustrating a method of simultaneously
transmitting the uplink data and the ACK/NACKSs in the
PUSCH in the present invention. In FIG. 5, the horizontal axis
is a time domain, and the vertical axis represents the align-
ment of modulation symbol sequences to be mapped; they do
not correspond to the frequency axis, are DFT-processed for
each of the SC-FDMA symbols and are mapped on the
resources allocated on the frequency axis. The modulation
symbols of the ACK/NACKs are arranged to the third, fifth,
tenth and twelfth SC-FDMA symbols.

Hereinafter, the ACK/NACK for the PDSCH of the DL
PCC is referred to as first ACK/NACKSs (first response infor-
mation), and the ACK/NACKs for the PDSCH of one or a
plurality of DL SCCs is referred to as second ACK/NACKs
(second response information). Specifically, it is indicated
that, when attention is focused on the third SC-FDMA sym-
bol, sequentially from below the third SC-FDMA symbol,
modulation symbols for the first ACK/NACKs, modulation
symbols for the second ACK/NACKs and modulation sym-
bols for the uplink data are time-multiplexed in this order, and
that it is converted by the DFT processing into the signal of
the frequency domain and is thereafter arranged in the fre-
quency domain (physical resource block) allocated in the
uplink grant.

The uplink data, the first ACK/NACKs and the second
ACK/NACKs are individually coded. What the coded bit
sequence of the ACK/NACKSs and the coded bit sequence of
the uplink data are divided into the number of bits in the
modulation order of the modulation scheme of the PUSCH is
regarded as the modulation symbols (coded symbols), and
they are modulated after being rearranged as shown in FIG. 5.
For example, the modulation order is “2” in QPSK modula-
tion, is “4” in 16QAM and is “6” in 64QAM.
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Note that, when the mobile station apparatus 1 receives the
PDSCH in the DL PCC alone, the modulation symbols of the
second ACK/NACKSs are not arranged, and the modulation
symbols of the uplink data are arranged in the domain where
the modulation symbols of the second ACK/NACKs are
arranged in FIG. 5. Whether the second ACK/NACKs is
present or not, the first ACK/NACK is subjected to the same
coding, and is arranged in the same position in FIG. 5.

It should be noted that when the mobile station apparatus 1
does not receive the PDSCH in the DL PCC, and receives the
PDSCH in at least one DL SCC, both the first ACK/NACKs
and the second ACK/NACKs are transmitted in the PUSCH.
Here, the first ACK/NACKSs indicate NACK.

A method of calculating the number of bits of the ACK/
NACK in the present invention will be described below.

In the present invention, the number of bits used when the
ACK/NACKs are transmitted in the PUSCH is a value
obtained by multiplying the number of DL CCs set by the
mobile station apparatus 1 in the base station apparatus 3 by
the maximum number of pieces of downlink data that can be
spatially multiplexed with one PDSCH. When three DL CCs
are set, and up to two pieces of downlink data can be spatially
multiplexed with one PDSCH, the mobile station apparatus 1
generates the ACK/NACKS of six bits. That is, the ACK/
NACK ofone bit is generated for each piece of downlink data
received by the DL CC.

Note that, when the PDSCH is received in the DL PCC
alone, only the first ACK/NACKSs are generated, and the
second ACK/NACKSs are not generated. Since, even when a
plurality of DL CCs is set, the mobile station apparatus 1
performs communication only in the primary cell (DL PCC
and UL PCC) for a large amount of time, the transmission of
the ACK/NACKs for the DL, SCC is prevented when the
PDSCH is received in the DL PCC alone, and thus it is
possible to efficiently use the radio resources of the PUSCH
because it is not necessary to transmit the ACK/NACKs for
the DL SCC even though the PDSCH is not received in the DL,
SCC.

It should be noted that when the mobile station apparatus 1
does not receive the PDSCH in the DL PCC, and receives the
PDSCH in at least one DL SCC, both the first ACK/NACKs
and the second ACK/NACKSs are generated. In this way, it is
not necessary to change the coding of the ACK/NACKs and
the mapping of the modulation symbols of the ACK/NACKs
depending on whether or not the PDSCH is received in the DL
PCC, and thus it is possible to simplify the configuration of
the mobile station apparatus 1.

Note that, when the mobile station apparatus 1 does not
receive the PDSCH in the DL PCC, and receives the PDSCH
in at least one DL SCC, only the second ACK/NACKs may be
generated. In this case, the modulation symbols of the uplink
data are arranged in the positions where the modulation sym-
bols of the first ACK/NACKSs are arranged in FIG. 5, and the
modulation symbols of the second ACK/NACKs are arranged
in the same positions as those when the first ACK/NACKs are
present. Thus, whether the first ACK/NACKSs are present or
not, the modulation symbols of the second ACK/NACKs are
arranged in the same positions. Hence, even when the
PDSCH transmitted by the base station apparatus 3 in the DL
PCC is not decoded by the mobile station apparatus 1, the
base station apparatus 3 can properly receive the second
ACK/NACKs.

It should be noted that when the PDSCH is received in at
least one DL SCC, and the PDSCH is received in only part of
the set DL CCs, among the set DL CCs, the ACK/NACK for
the DL CCs in which the PDSCH is not received is set at
NACK. When only one piece of downlink data is received in
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the PDSCH received in the set DL CCs, the ACK/NACK of
one bit is generated for the DL CCs set as described above,
and the ACK/NACK of the other bit is set at a predetermined
value.

For example, when, in the mobile station apparatus 1,
among three set DL, CCs, the downlink data is not received in
the DL PCC, two pieces of downlink data received in the first
DL SCC are successfully decoded and one piece of downlink
data received in the secondly set DL SCC {fails to be decoded,
the mobile station apparatus 1 generates “00” as the first
ACK/NACK sequence, and “1100” as the second ACK/
NACK sequence.

Note that, for ACK, the bit value is set at 1 whereas, for
NACK, the bit value is set at 0. When, as described above, the
mobile station apparatus 1 does not receive the downlink data
in the set DL CC, the bit of the ACK/NACK is set at a
predetermined value, and thus the base station apparatus 3
finds that the ACK/NACK for the DL CC in which the down-
link data is not transmitted to the mobile station apparatus 1 is
set at the predetermined value, with the result that the accu-
racy of reception of the ACK/NACK for the remaining down-
link data transmitted to the mobile station apparatuses 1 is
enhanced.

It should be noted that the mobile station apparatus 1
arranges the bits of the ACK/NACKs in the order of the
numbers of the DL SCCs set for the individual DL SCCs, and
thus the base station apparatus 3 can properly recognize that
the bit of the ACK/NACK corresponds to which DL SCC the
downlink data is transmitted in.

Note that, the number of bits of the ACK/NACKs may be
determined from the number of DL CCs set to the mobile
station apparatus 1 by the base station apparatus 3 and the
maximum number of pieces of downlink data that can be
spatially multiplexed with the PUSCH for each of the DL
CCs. For example, the mobile station apparatus 1 where one
DL CC that can be spatially multiplexed with two pieces of
downlink data in the PUSCH and two DL CCs that can be
multiplexed with only one piece of downlink data in the
PDSCH are set, generates four bits of the ACK/NACKs.

It should be noted that the number of bits of the ACK/
NACK may be set at a value obtained by multiplying the
number of activated DL, CCs by the maximum number of
pieces of downlink data that can be spatially multiplexed with
one PDSCH. The maximum number of pieces of downlink
data that can be spatially multiplexed with the PDSCH for
each of the DL CCs is determined from the transmission
mode (for example, MIMO SM or transmission diversity) of
the downlink data. The number of bits of the ACK/NACKs
may be determined from the number of DL CCs that are
activated.

A method of calculating the number of modulation sym-
bols of the ACK/NACKs in the present invention will be
described below.

In the present invention, the number of modulation sym-
bols of the ACK/NACK used when the ACK/NACK is trans-
mitted in the PUSCH is determined on the basis of the number
of bits of the first ACK/NACKS transmitted in the PUSCH,
the number of bits of the second ACK/NACKSs, the amount of
radio resource when the uplink data is initially transmitted,
the number of bits of the uplink data (transport block size), an
offset set by the base station apparatus 3 and the like. Formula
(1) is a formula for calculating the number of modulation
symbols of the ACK/NACKSs used when the ACK/NACKs are
transmitted in the PUSCH.
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[Formula 1]
¢ . A gPUSCH-initial _p,PUSCH-inital __ PUSCH
0" = ceil 0" - My “Noymb " Xoffser
- c-1
2 K.
=0
# g PUSCH-initial _ nyPUSCH-inital _ »puscH
i 0" - My, 'nymb " Poffset
cel
c-1
T K,
=0
0+

Ceil(*): A function for rounding a parenthesized number up to
an integer

O'": The number of bits of the ACK/NACKSs fora PDSCH in a
DL PCC

O": The number of bits of the ACK/NACKSs for the PDSCH in
a plurality of DL SCCs

M, FUSCH-mitial, The number of subcarriers included in a
frequency band allocated to the PUSCH at the time of the
initial transmission

N, FoscH-mital, The number of SC-FDMA symbols used for
the transmission of the PUSCH at the time of the initial
transmission

aoﬁetp USCH: The value of an offset for the first ACK/NACKs
set by the base station apparatus 3

Bogsel > The value of an offset for the second ACK/
NACKs set by the base station apparatus 3

The number of bits of the uplink data transmitted in the
PUSCH

Q' is the number of modulation symbols of the first ACK/
NACKs. Q" is the number of modulation symbols of the
second ACK/NACKs. Q" is the sum of the number of modu-
lation symbols of the first ACK/NACKs and the number of
modulation symbols of the second ACK/NACKSs transmitted
in the PUSCH.

O' is the number of bits of the first ACK/NACKs generated
by the mobile station apparatus 1 according to the present
invention. O" is the number of bits of the second ACK/
NACKs generated by the mobile station apparatus 1 accord-
ing to the present invention. When the mobile station appa-
ratus 1 receives the PDSCH in the DL PCC alone, O" is set at
“0”.

The value of an offset set by the base station apparatus 3 is
set for each of the first ACK/NACKs and the second ACK/
NACKs individually. The mobile station apparatus 1 uses the
values of the offset of the first ACK/NACKSs and the offset of
the second ACK/NACKs set by the base station apparatus 3,
and individually calculates the number of modulation sym-
bols used for the transmission of the first ACK/NACKSs and
the second ACK/NACKs.

Thus, when the method of coding the first ACK/NACKs
differs from the method of coding the second ACK/NACKs,
the amount of radio source of the PUSCH used for the trans-
mission of the first ACK/NACKs and the second ACK/
NACKs is adjusted, and thus it is possible to make an adjust-
ment such that the first ACK/NACKs is equal in performance
to the second ACK/NACKs.

It should be noted that the offset for the first ACK/NACKs
and the offset for the second ACK/NACKs may be made in
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common, and the base station apparatus 3 may set a common
offset such that both the first ACK/NACKSs and the second
ACK/NACKs satisfy a target performance and provide a noti-
fication to the mobile station apparatus 1.

Thus, although it is impossible to individually adjust the
amount of radio resource of the PUSCH used for the trans-
mission of the first ACK/NACKs and the second ACK/
NACKSs, the amount of information on the offset of the ACK/
NACKSs of which the base station apparatus 3 notifies the
mobile station apparatus 1 is reduced, and thus it is possible to
save the downlink radio resource.

Since, as shown in FIG. 5, the modulation symbols of the
ACK/NACKs are arranged in four SC-FDMA symbols alone,
the maximum number of modulation symbols of the ACK/
NACKs is four times as many as the number of subcarriers
included in the frequency band allocated to the PUSCH. In
FIG. 5, when Q" exceeds the maximum number of modula-
tion symbols of the ACK/NACK that can be arranged, sub-
traction from the number of resource elements where the
modulation symbols of the ACK/NACK for the PDSCH inthe
DL SCC are arranged is performed.

In other words, as long as Q' does not exceed the maximum
number of modulation symbols of the ACK/NACK that can
be arranged, the number of modulation symbols of the first
ACK/NACK is not reduced. Thus, since the performance of
the ACK/NACK for the PDSCH in the DL PCC can be main-
tained, it is possible to maintain the quality of the downlink
communication of the primary cell. Formula (2) is a formula
for preventing Q™ from exceeding the maximum number of
modulation symbols of the ACK/NACK that can be arranged.
The function of “min (-)” is a function that outputs the lowest
of a plurality of values within parentheses. The symbol of
“Nmax” is the maximum number of modulation symbols of
the ACK/NACK that can be arranged.

[Formula 2]

O"=min(Q*+Q"N,yz5) @

Note that, when Q" exceeds the maximum number of
modulation symbols of the ACK/NACKs that can be
arranged, reduction from the number of modulation symbols
of'the ACK/NACKs for the DL PCC that are arranged may be
performed. When four DL SCCs are set, since the ACK/
NACKSs for the PDSCH of the DL SCC is 8 bits, the ACK/
NACKs for the PDSCH of the DL SCC is preferentially
arranged as compared with the ACK/NACKs of the DL PCC
that is only 2 bits, and thus it is possible to perform transmis-
sion without degrading the performance of the ACK/NACK
for a larger number of PDSCHs.

Formulas (3) and (4) are formulas for calculating Q' and Q"
that are used for decreasing the number of modulation sym-
bols of the ACK/NACKs for the DI, PCC when Q' exceeds
the maximum number of modulation symbols of the ACK/
NACKs that can be arranged.

[Formula 3]

3
¢ 2 g PUSCH-inital /PUSCH-inital _pUSCH
O - M, -N, symb * Xpfser

Q' = min| ceill , Ninax — Q"

C-1
3 K,
=0
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-continued
[Formula 4]
(C]

v’ PUSCH-inital | pyPUSCH-inital _ apyscH
0" - M, “Noymiy * Poffset

o .

Q" = min ceill yeu)
3K
=i}

» Nonax

A method of coding the ACK/NACK in the present inven-
tion will be described below.

FIG. 6 is a diagram illustrating the method of coding the
uplink data and the ACK/NACKSs in the present invention. In
FIG. 6, the uplink data, the first ACK/NACKSs and the second
ACK/NACKs are individually coded (step S100). The second
ACK/NACKs for a plurality of DL, SCCs are coded together.

The uplink data is subjected to turbo coding. The ACK/
NACK:s for the PDSCH of a plurality of DL SCCs are coded
with the Reed-Muller code. The ACK/NACKs for the
PDSCH of the DL PCC are coded by communication channel
coding using a repetition code or the like, and the coded bits
of'a predetermined value are inserted every two generated and
coded bits. The number of coded bits of the predetermined
value that are inserted is determined on the basis of the modu-
lation scheme of the PUSCH.

When the PUSCH is modulated by 16QAM (Quadrature
Amplitude Modulation), two coded bits of a predetermined
value are inserted every two generated and coded bits. When
the PUSCH is modulated by 64 QAM, four coded bits of a
predetermined value are inserted every two generated and
coded bits.

Thus, the modulation symbol of the ACK/NACKSs for the
PDSCH of the DL PCC include only the amount of informa-
tion of 2 bits regardless of the modulation scheme of the
PUSCH, the number of constellation points of the modulation
symbols of the ACK/NACKs is limited to four. In the four
constellation points described above, the coded bits and the
constellation points are made to correspond to each other
such that the amplitude of 16QAM or 64QAM is maximized
at the four signal points.

For example, when the PUSCH is modulated by 16QAM,
if the sequence of the coded bits of the ACK/NACKSs for the
PDSCH of the DL PCC is “1101107, the coded bit of a
predetermined value (x) for this sequence is inserted such that
the sequence becomes“11xx01xx10” (x is the predetermined
value of 0 or 1). Moreover, “00xx”, “01xx”, “10xx” and
“11xx” are made to correspond to the four signal points at
which the amplitude of 16QAM or 64QAM is maximized.
Thus, even when the mobile station apparatus 1 modulates the
coded bits of the ACK/NACKSs by 16QAM or 64QAM, the
base station apparatus 3 can treat the modulation symbols of
the ACK/NACKSs as the QPSK. Hereinafter, this method is
referred to as a virtual QPSK.

After, in step S100, the first ACK/NACKSs and the second
ACK/NACKs are coded, the coded bit sequence of the second
ACK/NACKs is concatenated (multiplexed) to the back of the
coded bit sequence of the first ACK/NACKs (step S101).

FIG. 7 is a diagram showing an example of a method of
concatenating the first ACK/NACKs and the second ACK/
NACKs in the present invention. The coded bit sequence
length P" of the ACK/NACKSs transmitted in the PUSCH is
the product of Q™ and the modulation order m of'the PUSCH.
The coded bit sequence length P' of the first ACK/NACKs
transmitted in the PUSCH is the product of Q' and the modu-
lation order m of the PUSCH. The coded bit sequence length
P" of the second ACK/NACKs transmitted in the PUSCH is
the product of Q' and the modulation order m of the PUSCH.
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In FIG. 7, the coded bit sequence length of the first ACK/
NACKs coded in step S100 is shorter than that of P'. In this
case, until the coded bit length becomes equal to the number
of bits of P', the repeated arrangement is performed from the
front part of the coded bits of the first ACK/NACKs.

In FIG. 7, the coded bit sequence length of the second
ACK/NACKSs coded in step S100 is longer than that of P". In
this case, in the coded bits of the second ACK/NACKs, part
thereof up to the number of P" is cut off from the front part. In
other words, the end part of the coded bits of the second
ACK/NACK that exceeds P" is not transmitted in the PUSCH.

The coded bits of the first ACK/NACKS and the coded bits
of'the second ACK/NACKS that are repeated from the head or
removed from the head as described above are concatenated.

After step S100 and step S101, the coded bits of the uplink
data and the coded bits of the ACK/NACK S are rearranged as
in FIG. 5 (step S102). First, the coded bits of the uplink data
are aligned in the domains other than DMRS of FIG. 5. Then,
the coded bits of the uplink data arranged in the domain of the
ACK/NACK of FIG. 5 are replaced by the coded bits of the
first ACK/NACKS and/or the coded bits of the second AcK/
NAcKs.

When the PDSCH is received in the DL PCC alone, coding
processing on the first ACK/NACKSs is performed, and coding
processing on the second ACK/NACKs is not performed.

The configuration of the mobile station apparatus 1 accord-
ing to the present invention will be described below.

FIG. 8 is a schematic block diagram showing the configu-
ration of the mobile station apparatus 1 according to the
present invention. As shown in the figure, the mobile station
apparatus 1 is configured to include a higher layer processing
unit 101, a control unit 103, a reception unit 105, a transmis-
sion unit 107 and a transmission/reception antenna 109. The
higher layer processing unit 101 is configured to include a
radio resource control unit 1011, a HARQ control unit 1013
and an ACK/NACK generation unit 1015. The reception unit
105 is configured to include a decoding unit 1051, a demodu-
lation unit 1053, a demultiplexing unit 1055, a radio reception
unit 1057 and a channel measurement unit 1059. The trans-
mission unit 107 is configured to include a coding unit 1071,
a modulation unit 1073, a multiplexing unit 1075, a radio
transmission unit 1077 and an uplink reference signal gen-
eration unit 1079.

The higher layer processing unit 101 outputs, to the trans-
mission unit 107, uplink data generated such as by the opera-
tion of a user. Moreover, the higher layer processing unit 101
also performs processing on a Medium Access Control
(MAC) layer, a Packet Data Convergence Protocol (PDCP)
layer, a Radio Link Control (RLC) layer and a Radio
Resource Control (RRC) layer. Furthermore, based on down-
link control information or the like received in the PDCCH,
the higher layer processing unit 101 generates control infor-
mation for controlling the reception unit 105 and the trans-
mission unit 107 and outputs it to the control unit 103.

The radio resource control unit 1011 included in the higher
layer processing unit 101 manages various types of setting
information on its device. For example, the radio resource
control unit 1011 manages CCs that are set. Moreover, the
radio resource control unit 1011 generates information
arranged in each channel of the uplink and outputs it to the
transmission unit 107.

The HARQ control unit 1013 included in the higher layer
processing unit 101 controls the HARQ of the downlink data.
When the HARQ control unit 1013 successfully decodes the
received downlink data, the HARQ control unit 1013
instructs the ACK/NACK generation unit 1015 to generate
the ACK and transmit it to the base station apparatus 3
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whereas, when the HARQ control unit 1013 fails to decode
the received downlink data, the HARQ control unit 1013
instructs the ACK/NACK generation unit 1015 to generate
the NACK and transmit it to the base station apparatus 3.

When the HARQ control unit 1013 fails to decode the
downlink data, the HARQ control unit 1013 keeps the down-
link data in the HARQ buffer, and, when downlink data
retransmitted by the base station apparatus 3 is received, the
downlink data retransmitted and the downlink data kept in the
HARQ butffer are combined, and the decoding processing is
performed.

The ACK/NACK generation unit 1015 included in the
higher layer processing unit 101 generates the ACK or the
NACK according to the instruction of the HARQ control unit
1013, and aligns the bits of the ACK/NACK. When the ACK/
NACK generation unit 1015 receives the downlink data in the
DL PCC alone, the ACK/NACK generation unit 1015 gener-
ates the first ACK/NACKSs whereas, when the ACK/NACK
generation unit 1015 receives the downlink data in at least one
DL SCC, the ACK/NACK generation unit 1015 generates the
first ACK/NACKSs and the second ACK/NACKSs.

Note that, when the ACK/NACK generation unit 1015
receives the downlink data in at least one DL SCC but does
not receive the downlink data in part of the DL CC (DL PCC
or DL SCC), the ACK/NACK generation unit 1015 generates
the ACK/NACK as the NACK.

The ACK/NACK generation unit 1015 calculates the num-
ber of modulation symbols of the ACK/NACKs when the
ACK/NACKs are transmitted in the PUSCH, generates the
ACK/NACK modulation symbols corresponding to the num-
ber of modulation symbols calculated, generates control
information for controlling the transmission unit 107 such
that both the ACK/NACKs and the uplink data are transmitted
in the PUSCH and outputs it to the control unit 103.

Based on the control information from the higher layer
processing unit 101, the control unit 103 generates a control
signal for controlling the reception unit 105 and the transmis-
sion unit 107. The control unit 103 outputs the generated
control signal to the reception unit 105 and the transmission
unit 107, and controls the reception unit 105 and the trans-
mission unit 107.

The reception unit 105 demultiplexes, demodulates and
decodes, according to the control signal input from the con-
trol unit 103, the reception signal received from the base
station apparatus 3 through the transmission/reception
antenna 109, and transmits the decoded information to the
higher layer processing unit 101.

The radio reception unit 1057 converts (downconverts) the
downlink signal received through the transmission/reception
antenna 109 into an intermediate frequency, removes an
unnecessary frequency component, controls the amplitude
level so as to properly maintain the signal level, quadrature
demodulates it based on the inphase component and the
quadrature component of the received signal and converts the
quadrature demodulated analog signal into a digital signal.
The radio reception unit 1057 removes, from the converted
digital signal, a part corresponding to a Guard Interval (GI),
performs Fast Fourier Transform (FFT) on the signal in which
the guard interval is removed and extracts the signal of the
frequency domain.

The demultiplexing unit 1055 demultiplexes the extracted
signal into the PHICH, the PDCCH, the PDSCH and the
downlink reference signal. This demultiplexing is performed
based on the radio resource allocation information and the
like notified by the downlink assignment. Moreover, the
demultiplexing unit 1055 compensates for the channel of the
PHICH, the PDCCH and the PDSCH from the estimation
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value of the channel input from the channel measurement unit
1059. Furthermore, the demultiplexing unit 1055 outputs the
demultiplexed downlink reference signal to the channel mea-
surement unit 1059.

The demodulation unit 1053 multiplies and combines a
code corresponding to the PHICH, and performs the demodu-
lation of a BPSK (Binary Phase Shift Keying) modulation
scheme on the combined signal and outputs it to the decoding
unit 1051. The decoding unit 1051 decodes the PHICH for its
device, and outputs the decoded HARQ indicator to the
higher layer processing unit 101. The demodulation unit 1053
performs the demodulation of the QPSK modulation scheme
on the PDCCH, and outputs it to the decoding unit 1051.
When the decoding unit 1051 attempts to perform blind cod-
ing on the PDCCH, and successfully achieves the blind cod-
ing, the decoding unit 1051 outputs the decoded downlink
control information and RNTT included in the downlink con-
trol information to the higher layer processing unit 101.

The demodulation unit 1053 performs, on the PDSCH, the
demodulation of a modulation scheme notified by the down-
link assignment, such as QPSK (Quadrature Phase Shift Key-
ing), 16QAM (Quadrature Amplitude Modulation) or
64QAM, and outputs it to the decoding unit 1051. The decod-
ing unit 1051 performs decoding based on information on the
coding rate notified through the downlink control informa-
tion, and outputs the decoded downlink data (transport block)
to the higher layer processing unit 101.

The channel measurement unit 1059 measures, from the
downlink reference signal input from the demultiplexing unit
1055, the path loss of the downlink and the state of the
channel, and outputs the pass loss and the state of the channel
measured to the higher layer processing unit 101. Moreover,
the channel measurement unit 1059 calculates the estimation
value of the downlink channel from the downlink reference
signal, and outputs it to the demultiplexing unit 1055.

The transmission unit 107 generates the uplink reference
signal according to the control signal input from the control
unit 103, codes and modulates the uplink data and the uplink
control information input from the higher layer processing
unit 101, multiplexes the PUCCH, the PUSCH and the uplink
reference signal generated above and transmits it to the base
station apparatus 3 through the transmission/reception
antenna 109.

The coding unit 1071 performs coding such as convolution
coding or block coding, on the uplink control information
input from the higher layer processing unit 101, and per-
forms, on the uplink data, turbo coding based on the informa-
tion on the coding rate notified by the uplink grant.

When the coding unit 1071 transmits the ACK/NACKSs in
the PUSCH along with the uplink data, the coding unit 1071
codes, as shown in FIG. 6, the ACK/NACKSs and the uplink
data according to the control signal input from the control unit
103, and rearranges the coded bits of ACK/NACKs and the
uplink data as in FIG. 5.

The modulation unit 1073 modulates the coded bits input
from the coding unit 1071 by the modulation scheme notified
through the downlink control information such as BPSK,
QPSK, 16QAM or 64QAM or a modulation scheme prede-
termined for each channel. Based on the number of sequences
notified by the uplink grant and spatially multiplexed and
information indicating precoding that is performed for these
sequences, the modulation unit 1073 uses the MIMO SM, and
thereby maps the sequences of the modulation symbols of a
plurality of pieces of uplink data transmitted in the same
PUSCH on a plurality of sequences greater than the number
of pieces of uplink data transmitted in the same PUSCH and
performs the precoding on the sequences.
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The uplink reference signal generation unit 1079 generates
a sequence which is determined by a predetermined rule
based on a physical cell identity (referred to as a PCI, a Cell
ID or the like) for identifying the base station apparatus 3, a
bandwidth where the uplink reference signal is arranged, a
cyclic shift notified by the uplink grant and the like and in
which the base station apparatus 3 is known. The multiplex-
ing unit 1075 rearranges, in parallel, the modulation symbols
of'the PUSCH according to the control signal input from the
control unit 103, then performs Discrete Fourier Transform
(DFT) and multiplexes the signals of the PUCCH and the
PUSCH and the uplink reference signal for each transmission
antenna port.

The radio transmission unit 1077 performs Inverse Fast
Fourier Transform (IFFT) on the multiplexed signals, and
performs the modulation of the SC-FDMA scheme, adds the
guard interval to the SC-FDMA symbol subjected to the
SC-FDMA modulation, generates the digital signal of a base-
band, converts the digital signal of the baseband into an
analog signal, generates the inphase component and the
quadrature component of the intermediate frequency from the
analog signal, removes an extra frequency component for the
intermediate frequency band, converts (upconverts) the sig-
nal of the intermediate frequency into a high frequency sig-
nal, removes an extra frequency component, power-amplifies
it and outputs it to the transmission/reception antenna 109.

The configuration of the base station apparatus 3 according
to the present invention will be described below.

FIG. 9 is a schematic block diagram showing the configu-
ration of the base station apparatus 3 according to the present
invention. As shown in the figure, the base station apparatus 3
is configured to include a higher layer processing unit 301, a
control unit 303, a reception unit 305, a transmission unit 307
and a transmission/reception antenna 309. Moreover, the
higher layer processing unit 301 is configured to include a
radio resource control unit 3011, a HARQ control unit 3013
and an ACK/NACK detection unit 3015. Furthermore, the
reception unit 305 is configured to include a decoding unit
3051, a demodulation unit 3053, a demultiplexing unit 3055,
a radio reception unit 3057 and a channel measurement unit
3059. Moreover, the transmission unit 307 is configured to
include a coding unit 3071, a modulation unit 3073, a multi-
plexing unit 3075, a radio transmission unit 3077 and a down-
link reference signal generation unit 3079.

The higher layer processing unit 301 performs processing
on the Medium Access Control (MAC) layer, the Packet Data
Convergence Protocol (PDCP) layer, the Radio Link Control
(RLC) layer and the Radio Resource Control (RRC) layer.
Moreover, the higher layer processing unit 301 generates
control information for controlling the reception unit 305 and
the transmission unit 307 and outputs it to the control unit
303.

The radio resource control unit 3011 included in the higher
layer processing unit 301 generates the downlink data
arranged in the downlink PDSCH, the RRC signal and the
MAC CE (Control Element) or acquires them from the higher
node, and outputs them to the HARQ control unit 3013.
Furthermore, the radio resource control unit 3011 also man-
ages various types of setting information of each mobile
station apparatus 1. For example, the radio resource control
unit 3011 performs, for example, the management of CCs set
in the mobile station apparatus 1.

The HARQ control unit 3013 included in the higher layer
processing unit 301 controls the HARQ of the downlink data.
The HARQ control unit 3013 keeps, in the HARQ buffer, the
downlink data acquired from the radio resource control unit
3011, and, when the HARQ control unit 3013 receives, from
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the mobile station apparatus 1, the NACK for the downlink
data kept in the HARQ buffer, the HARQ control unit 3013
outputs the kept downlink data to the transmission unit 307,
generates the control information to perform control so as to
perform retransmission and outputs it to the control unit 303.

The ACK/NACK detection unit 3015 included in the
higher layer processing unit 301 generates control informa-
tion to control the decoding processing on the ACK/NACKs
of'the reception unit 305, and outputs it to the control unit 303.
The ACK/NACK detection unit 3015 calculates, from the
number of downlink component carriers set in the mobile
station apparatus 1 and the like, the number of bits of the bit
sequence of the ACK/NACKs transmitted by the mobile sta-
tion apparatus 1 and the number of modulation symbols of the
ACK/NACKs arranged in the PUSCH.

When the ACK/NACK detection unit 3015 transmits the
downlink data to the mobile station apparatus 1 in the DL
PCC alone, the ACK/NACK detection unit 3015 determines
that the PUSCH includes only the first ACK/NACKs and does
not include the second ACK/NACKs. The ACK/NACK detec-
tion unit 3015 determines that the ACK/NACK for the DL CC
in which the downlink data is not transmitted to the mobile
station apparatus 1 is set at the NACK.

The ACK/NACK detection unit 3015 demultiplexes, based
on the calculated number of modulation symbols of the ACK/
NACK, the modulation symbols of the ACK/NACKs
included in the PUSCH, and controls the reception unit 305
through the control unit 303 such that the first ACK/NACKs
and the second ACK/NACKs are individually decoded.

Based on the control information from the higher layer
processing unit 301, the control unit 303 generates a control
signal for controlling the reception unit 305 and the transmis-
sion unit 307. The control unit 303 outputs the generated
control signal to the reception unit 305 and the transmission
unit 307, and controls the reception unit 305 and the trans-
mission unit 307.

The reception unit 305 demodulates, demultiplexes and
decodes, according to the control signal input from the con-
trol unit 303, the reception signal received from the mobile
station apparatus 1 through the transmission/reception
antenna 309, and outputs the decoded information to the
higher layer processing unit 301. The radio reception unit
3057 converts (downconverts) the uplink signal received
through the transmission/reception antenna 309 into an inter-
mediate frequency, removes an unnecessary frequency com-
ponent, controls the amplitude level so as to properly main-
tain the signal level, quadrature demodulates it based on the
inphase component and the quadrature component of the
received signal and converts the quadrature demodulated ana-
log signal into a digital signal.

The radio reception unit 3057 removes, from the converted
digital signal, a part corresponding to a Guard Interval (GI),
performs Fast Fourier Transform (FFT) on the signal in which
the guard interval is removed, extracts the signal of the fre-
quency domain and outputs it to the demultiplexing unit
3055.

The demultiplexing unit 3055 demultiplexes the signal
input from the radio reception unit 3057 into the PUCCH, the
PUSCH, the uplink reference signal and the like. This demul-
tiplexing is performed based on the radio resource allocation
information included in the uplink grant that is previously
determined by the base station apparatus 3 through the radio
resource control unit 3011 and that is notified to each mobile
station apparatus 1. The demultiplexing unit 3055 compen-
sates for the channel of the PUCCH and the PUSCH from the
estimation value of the channel input from the channel mea-
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surement unit 3059. The demultiplexing unit 3055 outputs the
demultiplexed uplink reference signal to the channel mea-
surement unit 3059.

The demodulation unit 3053 performs Inverse Discrete
Fourier Transform (IDFT) on the PUSCH, acquires the
modulation symbols and demodulates, on the modulation
symbols of the PUCCH and the PUSCH, the reception signal
using the modulation scheme which is previously deter-
mined, such as BPSK (Binary Phase Shift Keying), QPSK,
16QAM or 64QAM, or of which its device previously notifies
each mobile station apparatus 1 with the uplink grant. The
demodulation unit 3053 demultiplexes, according to the con-
trol signal input from the control unit 303, the modulation
symbols of the uplink data included in the PUSCH, the modu-
lation symbols of the first ACK/NACKSs and the modulation
symbols of the second ACK/NACKs.

Based on the number of sequences that are previously
notified to each mobile station apparatus 1 by the uplink grant
and that are spatially multiplexed and information that indi-
cates precoding performed on the sequences, the demodula-
tion unit 3053 uses the MIMO SM to demultiplex the modu-
lation symbols of a plurality of pieces of uplink data
transmitted in the same PUSCH.

The decoding unit 3051 decodes the demodulated uplink
control information and the coded bits of the uplink data at the
coding rate of a predetermined coding scheme which is pre-
viously determined or of which its device previously notifies
the mobile station apparatus 1 with the uplink grant, and
outputs the decoded uplink data and the uplink control infor-
mation to the higher layer processing unit 301. When the
PUSCH is retransmitted, the decoding unit 3051 performs
decoding using the coded bits input from the higher layer
processing unit 301 and kept in the HARQ buffer and the
demodulated coded bits.

The decoding unit 3051 individually decodes the coded
bits of the first ACK/NACKs and the second ACK/NACKSs.
The channel measurement unit 3059 measures the estimation
value of the channel, the quality of the channel and the like
from the uplink reference signal input from the demultiplex-
ing unit 3055, and outputs them to the demultiplexing unit
3055 and the higher layer processing unit 301.

The transmission unit 307 generates the downlink refer-
ence signal according to the control signal input from the
control unit 303, codes and modulates the HARQ indicator,
the downlink control information and the downlink data input
from the higher layer processing unit 301, multiplexes the
PHICH, the PDCCH, the PDSCH and the downlink reference
signal and transmits the signals to the mobile station appara-
tus 1 through the transmission/reception antenna 309.

The coding unit 3071 codes the HARQ indicator, the
downlink control information and the downlink data input
from the higher layer processing unit 301 using a predeter-
mined coding scheme such as block coding, convolution cod-
ing or turbo coding, or using a coding scheme determined by
the radio resource control unit 3011. The modulation unit
3073 modulates the coded bits input from the coding unit
3071 using a predetermined modulation scheme such as
BPSK, QPSK, 16QAM or 64QAM or a modulation scheme
determined by the radio resource control unit 3011.

Based on a physical cell identifier (PCI) for identifying the
base station apparatus 3 and the like, the downlink reference
signal generation unit 3079 generates, as the downlink refer-
ence signal, the sequence which is determined by a predeter-
mined rule and whose mobile station apparatus 1 is known.
The multiplexing unit 3075 multiplexes the modulated modu-
lation symbols of each channel and the generated downlink
reference signal.
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The radio transmission unit 3077 performs Inverse Fast
Fourier Transform (IFFT) on the multiplexed modulation
symbols or the like, and performs the modulation of the
OFDM scheme, adds the guard interval to the OFDM symbol
subjected to the OFDM modulation, generates the digital
signal of a baseband, converts the digital signal of the base-
band into an analog signal, generates the inphase component
and the quadrature component of the intermediate frequency
from the analog signal, removes an extra frequency compo-
nent for the intermediate frequency band, converts (upcon-
verts) the signal of the intermediate frequency into a high
frequency signal, removes an extra frequency component,
power-amplifies it and outputs it to the transmission/recep-
tion antenna 309.

As described above, in the present invention, in the wire-
less communication system where the mobile station appara-
tus 1 and the base station apparatus 3 use a plurality of CCs to
perform radio communication, the mobile station apparatus 1
codes one or a plurality of pieces of first ACK/NACK (first
response information) indicating whether or not one or a
plurality of pieces of downlink data received by the DL PCC
(first downlink component carrier) are successfully decoded,
codes a plurality of pieces of second ACK/NACK (second
response information) indicating whether or not a plurality of
pieces of downlink data received by the DL SCC (second
downlink component carrier) are successfully decoded and
transmits the first ACK/NACK and the second ACK/NACK in
the same PUSCH (uplink data transmission channel), and the
base station apparatus 3 receives the PUSCH and individually
performs decoding processing on the first ACK/NACK and
the second ACK/NACK.

Furthermore, in the present invention, when the mobile
station apparatus 1 receives the PDSCH in the DL, PCC alone,
the mobile station apparatus 1 generates only the first ACK/
NACK and transmits it in the PUSCH.

In this way, when the amount of downlink data is low, the
base station apparatus 3 and the mobile station apparatus 1
use only the PDSCH of the DL PCC to perform downlink
communication, and thus the mobile station apparatus 1 is
prevented from transmitting, in the PUSCH, the second ACK/
NACK for the PDSCH of the DL SCC, with the result that it
is possibleto efficiently use the radio resources of the PUSCH
for transmitting the uplink data.

Moreover, when the amount of downlink data is high, the
base station apparatus 3 and the mobile station apparatus 1
simultaneously use a plurality of PDSCHs of the DL, PCC and
a plurality of DL SCCs to perform communication. Here, a
plurality of pieces of second ACK/NACK for a plurality of
DL SCCs is coded together, and thus the performance of the
second ACK/NACK is enhanced as compared with a case
where the plurality of pieces of second ACK/NACK is indi-
vidually coded.

Furthermore, although the base station apparatus 3 uses the
DL PCC and one or a plurality of DL, SCCs to transmit a
plurality of PDSCHs to the mobile station apparatus 1, when
the mobile station apparatus 1 receives the PDSCH in the DL,
PCC alone, the mobile station apparatus 1 codes the first
ACK/NACK and applies the mapping using the method as the
PDSCH of the DL SCC is received, with the result that the
base station apparatus 3 can properly receive the first ACK/
NACK.

Moreover, the present embodiment can adopt the following
aspect. Specifically, in the wireless communication system of
the present embodiment that is a wireless communication
system where a mobile station apparatus and a base station
apparatus perform radio communication, the mobile station
apparatus codes one or a plurality of pieces of first response
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information indicating whether or not one or a plurality of
pieces of downlink data received by the first downlink com-
ponent carrier are successfully decoded, codes a plurality of
pieces of second response information indicating whether or
not pieces of downlink data received by a plurality of second
downlink component carrier are successfully decoded and
transmits the first response information and the second
response information in the same uplink data transmission
channel, and the base station apparatus receives the uplink
data transmission channel and individually performs decod-
ing processing on the first response information and the sec-
ond response information.

Furthermore, in the present embodiment, in the wireless
communication system described above, the base station
apparatus sets, for each mobile station apparatus, one first
downlink component carrier described above and a plurality
of second downlink component carriers described above.

Moreover, in the present embodiment, in the wireless com-
munication system described above, the mobile station appa-
ratus individually calculates the number of coded bits of the
first response information that can be transmitted in the
uplink data transmission channel and the number of coded
bits of the second response information that can be transmit-
ted in the uplink data transmission channel.

Furthermore, in the present embodiment, in the wireless
communication system described above, when the sum of the
coded bits of the first response information and the second
response information exceeds the number of bits of the
response information that can be transmitted in the uplink
data transmission channel, the mobile station apparatus pref-
erentially transmits the coded bits of the first response infor-
mation in the uplink data transmission channel.

Moreover, in the present embodiment, in the wireless com-
munication system described above, when the sum of the
coded bits of the first response information and the second
response information exceeds the number of bits of the
response information that can be transmitted in the uplink
data transmission channel, the mobile station apparatus pref-
erentially transmits the coded bits of the second response
information in the uplink data transmission channel.

Furthermore, in the present embodiment, in the wireless
communication system described above, the mobile station
apparatus individually sets: a value of a first offset used by the
mobile station apparatus when the mobile station apparatus
calculates the number of coded bits of the first response
information that can be transmitted in the uplink data trans-
mission channel, and a value of a second offset value used by
the mobile station apparatus when the mobile station appara-
tus calculates the number of coded bits of the second response
information that can be transmitted in the uplink data trans-
mission channel.

Moreover, in the present embodiment, in the wireless com-
munication system described above, the mobile station appa-
ratus transmits the first response information and the second
response information in the same SC-FDMA symbol.

Furthermore, in the present embodiment, in the wireless
communication system described above, when the mobile
station apparatus receives the downlink data in the first down-
link component carrier alone, the mobile station apparatus
transmits only the first response information in the uplink
data transmission channel.

Moreover, in the present embodiment, in the wireless com-
munication system described above, when the mobile station
apparatus receives the downlink data in at least one second
downlink component carrier described above, the mobile sta-
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tion apparatus transmits the first response information and the
second response information in the uplink data transmission
channel.

Furthermore, in the present embodiment, in the wireless
communication system described above, when the mobile
station apparatus receives the downlink data in at least one
second downlink component carrier described above but does
not receive the downlink data in the first downlink component
carrier, the mobile station apparatus sets the second response
information at a predetermined value.

Moreover, the mobile station apparatus of the present
embodiment is a mobile station apparatus that performs radio
communication with a base station apparatus using a plurality
of component carriers, and the mobile station apparatus codes
one or a plurality of pieces of first response information
indicating whether or not one or a plurality of pieces of
downlink data received by the first downlink component car-
rier are successfully decoded, codes a plurality of pieces of
second response information indicating whether or not down-
link data received by a plurality of second downlink compo-
nent carriers is successfully decoded, and transmits the first
response information and the second response information in
the same uplink data transmission channel.

In the base station apparatus of the present embodiment
that is a base station apparatus using a plurality of component
carriers to perform radio communication with a mobile sta-
tion apparatus, receives an uplink data transmission channel
transmitted and including first response information and sec-
ond response information and individually performs decod-
ing processing on the first response information and the sec-
ond response information, wherein one or a plurality of pieces
of'the first response information indicating whether or not one
or a plurality of pieces of downlink data received by a first
downlink component carrier are successfully decoded is
coded by the mobile station apparatus and a plurality of pieces
of'the second response information indicating whether or not
downlink data received by a plurality of second downlink
component carriers are successfully decoded is coded by the
mobile station apparatus.

Furthermore, the wireless communication method of the
present embodiment is a wireless communication method
that is used in a mobile station apparatus using a plurality of
component carriers to perform radio communication with the
base station apparatus, and includes a step of coding one or a
plurality of pieces of first response information indicating
whether or not one or a plurality of pieces of downlink data
received by a first downlink component carrier are success-
fully decoded, a step of coding a plurality of pieces of second
response information indicating whether or not downlink
data received by a plurality of second downlink component
carriers are successfully decoded and a step of transmitting
the first response information and the second response infor-
mation in the same uplink data transmission channel.

Moreover, the wireless communication method of the
present embodiment is a wireless communication method
that is used in a base station apparatus using a plurality of
component carriers to perform radio communication with the
base station apparatus, and includes a step of receiving an
uplink data transmission channel transmitted and including
first response information and second response information,
and a step of individually performing decoding processing on
the first response information and the second response infor-
mation, wherein one or a plurality of pieces of the first
response information indicating whether or not one or a plu-
rality of pieces of downlink data received by a first downlink
component carrier are successtully decoded is coded by the
mobile station apparatus and a plurality of pieces of the sec-
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ond response information indicating whether or not downlink
data received by a plurality of second downlink component
carriers are successfully decoded is coded by the mobile
station apparatus.

Furthermore, an integrated circuit of the present embodi-
ment is an integrated circuit that is used in a mobile station
apparatus using a plurality of component carriers to perform
radio communication with a base station apparatus, and
makes the mobile station apparatus achieve a series of func-
tions below: a function of coding one or a plurality of pieces
of first response information indicating whether or not one or
a plurality of pieces of downlink data received by a first
downlink component carrier are successfully decoded, a
function of coding a plurality of pieces of second response
information indicating whether or not downlink data received
by a plurality of second downlink component carriers are
successfully decoded, and a function of transmitting the first
response information and the second response information in
the same uplink data transmission channel.

Moreover, an integrated circuit of the present embodiment
is an integrated circuit that is used in a base station apparatus
using a plurality of component carriers to perform radio com-
munication with a mobile station apparatus, and makes the
mobile station apparatus achieve a series of functions below:
a function of receiving an uplink data transmission channel
transmitted and including first response information and sec-
ond response information, and a function of individually per-
forming decoding processing on the first response informa-
tion and the second response information, wherein one or a
plurality of pieces of'the first response information indicating
whether or not one or a plurality of pieces of downlink data
received by a first downlink component carrier are success-
fully decoded is coded by the mobile station apparatus and a
plurality of pieces of the second response information indi-
cating whether or not downlink data received by a plurality of
second downlink component carriers are successfully
decoded is coded by the mobile station apparatus.

A program operated by the base station apparatus 3 and the
mobile station apparatus 1 according to the present invention
may be a program (program that functions a computer) that
controls a CPU (Central Processing Unit) and the like so as to
realize the functions of the present embodiment according to
the present invention. Information dealt with by these devices
is temporarily stored in a RAM (Random Access Memory)
when it is processed, is thereafter stored in various ROMs
such as a flash ROM (Read Only Memory) and a HDD (Hard
Disk Drive) and is read and modified and written by the CPU
as necessary.

Note that, a part of the mobile station apparatus 1 and the
base station apparatus 3 according to the embodiment
described above may be realized by a computer. In this case,
it may be realized by recording a program for realizing this
control function in a computer-readable recording medium
and making a computer system read and execute the program
recorded in the recording medium.

It should be noted that the “computer system” described
herein is a computer system incorporated in the mobile sta-
tion apparatus 1 or the base station apparatus 3, and includes
an OS and hardware such as a peripheral device. The “com-
puter-readable recording medium” refers to a portable
medium such as a flexible disc, a magneto-optical disc, a
ROM or a CD-ROM or a storage device such as harddisk
incorporated in a computer system.

Furthermore, examples of the “computer-readable record-
ing medium” may include a product, such as a communica-
tion line, that holds a program shortly and dynamically when
the program is transmitted through a network such as the
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Internet or a communication line such as a telephone line and
a product, such as a volatile memory within a computer sys-
tem serving as a server and a client, that holds a program for
a constant period of time. The program described above may
be designed to realize part of the function described above or
may be designed such that the function described above can
be realized by combination with the program already
recorded in the computer system.

Part or all of the mobile station apparatus 1 and the base
station apparatus 3 according to the embodiment described
above may be realized as an LSI, which is typically an inte-
grated circuit or may be realized as a chip set. Each functional
block of the mobile station apparatus 1 and the base station
apparatus 3 may be individually formed into a chip or part or
all thereof may be integrated and formed into a chip. More-
over, a method of formation into an integrated circuit is not
limited to an LST; it may be realized by a dedicated circuit or
a general-purpose processor. If the advancement of semicon-
ductor technology realizes an integrated circuit technology
that replaces an LSI, it is also possible to use an integrated
circuit according to such a technology.

Although the embodiment of the present invention has
been described in detail above with reference to the drawings,
the specific configuration is not limited to what has been
described above. Various design modifications and the like
are possible without departing from the spirit of the present
invention.

DESCRIPTION OF SYMBOLS

1 (1A, 1B, 1C) mobile station apparatus
3 base station apparatus
101 higher layer processing unit
103 control unit
105 reception unit
107 transmission unit
301 higher layer processing unit
303 control unit
305 reception unit
307 transmission unit
1011 radio resource control unit
1013 HARQ control unit
1015 ACK/NACK generation unit
3011 radio resource control unit
3013 HARQ control unit
3015 ACK/NACK detection unit
The invention claimed is:
1. A mobile station apparatus configured to and/or pro-
grammed to transmit ACK/NACK sequences for transport
blocks received from a base station apparatus, the mobile
station apparatus comprising:
a receiving circuit configured to and/or programmed to
receive modulation and coding scheme information, the
modulation and coding scheme information indicating a
modulation order for the physical uplink shared channel;
a coding circuit configured to and/or programmed to:
code a first ACK/NACK sequence and a second ACK/
NACK sequence which is different from the first
ACK/NACK sequence, the ACK/NACK sequences
comprising the first ACK/NACK sequence and the
second ACK/NACK sequence, and

generate a bit sequence by concatenating coded bits of
the first ACK/NACK sequence and coded bits of the
second ACK/NACK sequence; and

a transmitting circuit configured to and/or programmed to
transmit the concatenated bit sequence using a physical
uplink shared channel in a subframe, wherein
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each of a first value and a second value is given by multi-
plying the modulation order for the physical uplink
shared channel by a positive integer, a number of the
coded bits of the first ACK/NACK sequence being the
first value, a number of the coded bits of the second
ACK/NACK sequence being the second value.

2. The mobile station apparatus according to claim 1,

wherein

the coding circuit configured to and/or programmed to:

perform circular repetition of the coded bits of the first
ACK/NACK sequence until the number of coded bits of
the first ACK/NACK sequence reaches the first value,
and

perform circular repetition of the coded bits of the second
ACK/NACK sequence until the number of coded bits of
the second ACK/NACK sequence reaches the second
value.

3. The mobile station apparatus according to claim 2,

wherein

in the circular repetition, in a case that the number of coded
bits of the first ACK/NACK sequence is lower than the
first value, processing that repeatedly concatenates the
coded bits of the first ACK/NACK sequence from the
head is performed.

4. The mobile station apparatus according to claim 2,

wherein

in the circular repetition, in a case that the number of coded
bits of the second ACK/NACK sequence is lower than
the second value, processing that repeatedly concat-
enates the coded bits of the second ACK/NACK
sequence from the head is performed.

5. The mobile station apparatus according to claim 2,

wherein

in the circular repetition, in a case that the number of coded
bits of the first ACK/NACK sequence is larger than the
first value, processing that truncate the coded bits of the
first ACK/NACK sequence from the head to the first
value is performed.

6. The mobile station apparatus according to claim 2,

wherein
in the circular repetition, in a case that the number of coded
bits of the second ACK/NACK sequences is larger than
the second value, processing that truncate the coded bits
of'the second the circular repetition from the head to the
second value is performed.
7. A base station apparatus configured to and/or pro-
grammed to receive ACK/NACK sequences for transport
blocks transmitted to a mobile station apparatus, the base
station apparatus comprising:
a transmitting circuit configured to and/or programmed to
transmit modulation and coding scheme information,
the modulation and coding scheme information indicat-
ing a modulation order for the physical uplink shared
channel; and
a receiving circuit configured to and/or programmed to
receive a bit sequence using a physical uplink shared
channel in a subframe, wherein
the ACK/NACK sequences comprising a first ACK/
NACK sequence and a second ACK/NACK sequence
which is different from the first ACK/NACK
sequence,

the first ACK/NACK sequence and the second ACK/
NACK sequence are coded by the mobile station
apparatus,
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the bit sequence is generated by concatenating coded
bits of the first ACK/NACK sequence and coded bits
of the second ACK/NACK sequence by the mobile
station apparatus, and
each of a first value and a second value is given by
multiplying the modulation order for the physical
uplink shared channel by a positive integer, a number
of the coded bits of the first ACK/NACK sequence
being the first value, a number of the coded bits of the
second ACK/NACK sequence being the second
value.
8. The base station apparatus according to claim 7, wherein
circular repetition of the coded bits of the first ACK/NACK
sequence is performed until the number of coded bits of
the first ACK/NACK sequence reaches the first value,
and
circular repetition of the coded bits of the second ACK/
NACK sequence is performed until the number of coded
bits of the second ACK/NACK sequence reaches the
second value.
9. The base station apparatus according to claim 8, wherein
in the circular repetition, in case that the number of coded
bits of the first ACK/NACK sequence is lower than the
first value, processing that repeatedly concatenates the
coded bits of the first ACK/NACK sequence from the
head is performed.
10. The base station apparatus according to claim 8,
wherein
in the circular repetition, in case that the number of coded
bits of the second ACK/NACK sequence is lower than
the second value, processing that repeatedly concat-
enates the coded bits of the second ACK/NACK
sequence from the head is performed.
11. The base station apparatus according to claim 8,
wherein
in the circular repetition, in case that the number of coded
bits of the first ACK/NACK sequence is larger than the
first value, processing that truncate the coded bits of the
first ACK/NACK sequence from the head to the first
value is performed.
12. The base station apparatus according to claim 8,
wherein
in the circular repetition, in case that the number of coded
bits of the second ACK/NACK sequence is larger than
the second value, processing that truncate the coded bits
ofthe second ACK/NACK sequence from the head to the
second value is performed.
13. A wireless communication system comprising:
a base station apparatus; and
a mobile station apparatus configured to and/or pro-
grammed to transmit ACK/NACK sequences for trans-
port blocks transmitted by the base station apparatus,
wherein
said mobile station apparatus is configured to and/or
programmed to:
receive modulation and coding scheme information, the
modulation and coding scheme information indicat-
ing a modulation order for the physical uplink shared
channel,
code a first ACK/NACK sequence and a second ACK/
NACK sequence which is different from the first
ACK/NACK sequence, the ACK/NACK sequences
comprising the first ACK/NACK sequence and the
second ACK/NACK sequence,
generate a bit sequence by concatenating coded bits of
the first ACK/NACK sequence and coded bits of the
second ACK/NACK sequence, and
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transmit the concatenated bit sequence using a physical
uplink shared channel in a subframe, wherein
said base station apparatus is configured to and/or pro-
grammed to:
transmit modulation and coding scheme information,
the modulation and coding scheme information indi-
cating a modulation order for the physical uplink
shared channel,
receive the concatenated bit sequence using the physical
uplink shared channel in the subframe, wherein
each of a first value and a second value is given by
multiplying the modulation order for the physical
uplink shared channel by a positive integer, a number
of the coded bits of the first ACK/NACK sequence
being the first value, a number of the coded bits of the
second ACK/NACK sequence being the second
value.
14. A wireless communication method used by a mobile
station apparatus that is configured to and/or programmed to
transmit ACK/NACK sequences for transport blocks received
from a base station apparatus, the wireless communication
method comprising:
receiving modulation and coding scheme information, the
modulation and coding scheme information indicating a
modulation order for the physical uplink shared channel;

coding a first ACK/NACK sequence and a second ACK/
NACK sequence which is different from the first ACK/
NACK sequence, the ACK/NACK sequences compris-
ing the first ACK/NACK sequence and the second ACK/
NACK sequence;

generating a bit sequence by concatenating coded bits of
the first ACK/NACK sequence and coded bits of the
second ACK/NACK sequence; and

transmitting the concatenated bit sequence using a physical

uplink shared channel in a subframe, wherein
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each of a first value and a second value is given by multi-
plying the modulation order for the physical uplink
shared channel by a positive integer, a number of the
coded bits of the first ACK/NACK sequence being the
first value, a number of the coded bits of the second
ACK/NACK sequence being the second value.

15. A wireless communication method used by a base
station apparatus that is configured to and/or programmed to
receive ACK/NACK sequences for transport blocks transmit-
ted to a mobile station apparatus, the wireless communication
method comprising:

transmitting modulation and coding scheme information,

the modulation and coding scheme information indicat-
ing a modulation order for the physical uplink shared
channel; and

receiving a bit sequence using a physical uplink shared

channel in a subframe, wherein

the ACK/NACK sequences comprising a first ACK/NACK

sequence and a second ACK/NACK sequence which is
different from the first ACK/NACK sequence,

the first ACK/NACK sequence and the second ACK/

NACK sequence are coded by the mobile station appa-
ratus,

the bit sequence is generated by concatenating coded bits

of the first ACK/NACK sequence and coded bits of the
second ACK/NACK sequence by the mobile station
apparatus, and

each of a first value and a second value is given by multi-

plying the modulation order for the physical uplink
shared channel by a positive integer, a number of the
coded bits of the first ACK/NACK sequence being the
first value, a number of the coded bits of the second
ACK/NACK sequence being the second value.
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